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(54) BODY WEIGHT CONTROL DEVICE 



(57) Disclosed is a body weight managing appara- 
tus comprising: a body weight measuring unit; a bioe- 
lectric impedance measuring unit; a body water content 
evaluation unit; and a health condition evaluation unit. 
According to the present invention, said body weight 
measuring unit measures a body weight of a person to 
be measured, said bioelectric impedance measuring 
unit applies an alternating current to a body of the per- 



son and measures a bioelectric impedance value, said 
body water content evaluation unit evaluates a body wa- 
ter content based on the bioelectric impedance value 
measured by said bioelectric impedance measuring 
unit, and said health condition evaluation unit evaluates 
a health condition of the person based on the measured 
body weight and the evaluation result from said body 
water content evaluation unit. 
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Description 

BACKGROUD OF THE INVENTION: 

5 FIELD OF THE INVENTION : 

[0001] The present invention relates to a body weight managing apparatus using a bioelectric impedance value for 
helping a user to lose or gain his/her body weight to reach to a target body weight according to a program without any 
reverse affection to health. 

10 

DESCRIPTION OF THE PRIOR ART : 

[0002] Weight reduction is common among athletes or sport players. In some kinds of sports such as, for example, 
wrestling, boxing, judo, weight lifting, sports players compete with others according to a weight rank classification 

'5 except for open-weight division, and the players in these kinds of sports attempt to reduce their body weights in order 
to participate in matches in lower weight ranks, even if only slightly, to compete with players of smaller physical build 
for successful results to be obtained, and besides, in such sports as gymnastics, rhythmic gymnastics, figure skating 
and the like, the sports player competes with others based on point rating where physical appearances should be 
highly counted for and players in these type of sports also try to reduce their body weights to make their physical 

20 appearances or figures better looking for the successful results to be obtained. 

[0003] In this regard, the weight reduction of a sport player has typically been practiced instantly in a short period 
starting at a few days prior to a match or competition by way of a dieting restriction method such as reduced diet or 
fasting, a sweating method by taking a bath or sauna, or a method using specific medication such as a cathartic or 
diuretic, in addition to a hard training method for increasing an amount of exercise itself. Although typically the schedule 

25 of the match or competition should have been informed sufficiently in advance, it is quite difficult to practice the weight 
reduction according to a plan specified along with the schedule of the match or competition, and, as shown in Fig. 12, 
a rapid weight reduction is practically repeated before each match or competition in such conditions that after a match 
or competition having been finished, a player tends to take more than regular amount of nutrition for regaining his/her 
physical energy, to reduce the amount of training to give a rest to the body, and further to exhibit a rebound of the rapid 

30 weight loss, resulting in returning back to the original condition of the body weight as before the weight loss, and again 
as approaching to another match or competition, the similar rapid weight reduction is practiced. 
[0004] However, it has been conventionally pointed that such rapid weight reduction might possibly trigger not only 
lighter symptoms such as sleep disorder, feeling of lassitude, feeling of irritation, but also serious conditions such as 
deterioration in muscular power, function of cardiovascular system, oxygen intake capacity, thermo-regulation ability 

35 or the like, which harm the player's health to a considerable degree both mentally and physically. There have been 
indeed many such cases reported including that a player who appeared in a match or competition with his/her body 
weight rapidly reduced resultantly had fallen into a problematic physical condition at that day and reversely deteriorated 
his/her athletic power, and thus finished with poor record, or that another player who had repeated a short-term rapid 
weight reduction and ultimately had a complete disorder with his/her health resulting in lost carrier as a sport player. 

40 [0005] In this viewpoint, it has been desired that the weight reduction should not be carried out rapidly in a short 
period but practiced according to a schedule in order to accomplish the original goal that is to obtain a successful 
record without doing any harm to health. 

[0006] On the other hand, it has been known that various kinds of values, such as a body water content related value 
or a body fat related value, effective in health management can be calculated from a bioelectric impedance value 
^5 measured in a living body. 

[0007] In the light of the above circumstances, an object of the present invention is to provide a body weight managing 
apparatus using bioelectric impedance values for helping a user to reduce or gain his/her body weight to reach to a 
target body weight according to a program without doing any harm to health. 

50 SUMMARY OF THE INVENTION: 

[0008] According to an aspect of the present invention, there is provided a body weight managing apparatus com- 
prising: a body weight measuring unit; a bioelectric impedance measuring unit; a body water content evaluation unit; 
and a health condition evaluation unit, whereby said body weight measuring unit measures a body weight of a person 
55 to be measured, said bioelectric impedance measuring unit applies an alternating current to a body of the person and 
measures a bioelectric impedance value, said body water content evaluation unit evaluates a body water content based 
on the bioelectric impedance value measured by said bioelectric impedance measuring unit, and said health condition 
evaluation unit evaluates a health condition of the person based on the measured body weight and the evaluation 
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result from said body water content evaluation unit. 

[0009] According to one embodiment of the present invention, said health condition evaluation unit evaluates based 
on body weight transition as measured for a period of plural days. 

[0010] According to another embodiment of the present invention, said health condition evaluation unit evaluates 

s based on body water content transition as measured for a period of plural days. 

[0011] According to further embodiment of the present invention, said health condition evaluation unit evaluates 
based on body weight transition and body water content transition as measured for a period of plural days. 
[0012] According to another aspect of the present invention, there is provided a body weight managing apparatus 
comprising; a body weight measuring unit; a body water content evaluation unit; and a health condition evaluation unit, 

10 whereby said body weight measuring unit measures a body weight of a person to be measured, said body water content 
evaluation unit evaluates body water content transition during an exercise, derived based on the body weight values 
measured before and after the exercise by said body weight measuring unit, and said health condition evaluation unit 
evaluates a health condition of the person based on the evaluation result from said body water content evaluation unit. 
[001 3J According to further aspect of the present invention, there is provided a body weight managing apparatus 

'5 comprising: a body weight measuring unit; a bioelectric impedance measuring unit; a body water content evaluation 
unit; an input unit; and a body weight estimation unit, whereby said body weight measuring unit measures a body 
weight of a person to be measured, said bioelectric impedance measuring unit applies an alternating current to a body 
of the person and measures a bioelectric impedance value, said body water content evaluation unit evaluates a body 
water content based on the bioelectric impedance value measured by said bioelectric impedance measuring unit, said 

20 input unit enters data relating to an exercise, and said body weight estimation unit estimates a body weight after the 
exercise based on the measured body weight and the data entered by said input unit. 

[0014] According to one embodiment of the present invention, said input unit enters at least one of the data: tem- 
perature, time period of exercise and intensity of exercise. 

[001 5] According to yet further aspect of the present invention, there is provided a body weight managing apparatus 
25 comprising: a body weight measuring unit; a clock; an input unit; an arithmetic unit; and a setting unit, whereby said 
body weight measuring unit measures a body weight of a person to be measured, said clock provides a clocking 
function, said input unit enters a target body weight, a target date and a time period for exercise, said arithmetic unit 
produces a body weight managing data based on the difference between the body weight measured by said body 
weight measuring unit and the target body weight entered by said input unit, and the number of days remaining until 
30 the target date entered by said input unit, and said setting unit sets a first day of the time period of exercise as the 
target date if there is no target date entered. 

[0016] According to one embodiment of the present invention, said first day of the time period of exercise is a start 
date of exercise season. 

[0017] According to another embodiment of the present invention, said first day of the time period of exercise is a 
35 day on which a match or competition is conducted. 

BRIEF DESCRIPTION OF THE DRAWINGS : 

[0018] Now the present invention will be described in more detail with reference to the preferred embodiments as 
40 illustrated in the accompanying drawings, in which: 

Fig. 1 is a perspective view illustrating an appearance of a body weight managing apparatus according to a first 
embodiment of the present invention; 

Fig. 2 is a schematic diagram illustrating a configuration of the first embodiment shown in Fig. 1 ; 
45 Fig. 3 is a flow chart illustrating an operational flow in the first embodiment shown in Fig. 1 ; 

Fig. 4 shows some examples of indications on a display screen in the first embodiment shown in Fig. 1 ; 

Fig. 5 is an electrically equivalent circuit diagram of cells in a tissue; 

Fig. 6 is a diagram illustrating a bioelectric impedance vector locus of a human body; 

Fig. 7 is a diagram illustrating a relationship between bioelectric impedance at a frequency of 0Hz and at a frequency 
5 o of infinity and a bioelectric impedance at a characteristic frequency; 

Fig. 8 is an evaluation matrix for body weight transition and body water content transition on the basis of which an 
evaluation of health condition is conducted; 

Fig. 9 is a flow chart illustrating an operational flow in a second embodiment; 
Fig. 10 shows examples of indications on a display screen of the second embodiment; 
55 Fig. 11 is a diagram showing an example of a preferred body weight transition curve of the second embodiment; 

Fig. 12 is a diagram showing an example of a body weight transition curve in a conventionally practiced weight 
reduction scheme; and 

Fig. 1 3 is a diagram showing another example of a preferred body weight transition curve of the second embodi- 
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ment. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS : 

5 [001 9] Referring to Fig. 1 , a body weight managing apparatus according to a first embodiment of the present invention 
is composed of a control section 1 for performing a display and a key input operation and a measuring section 2 for 
measuring a bioelectric impedance and a body weight, these sections being interconnected with a cable 3. A display 
section 5, a group of key switches 6 and an external I/O interface 7 are disposed on an outer surface of a housing 1a 
of the control section 1 . Further, a pair of alternating current applying electrodes 12A and 12B and a pair of potential 

10 measuring electrodes 13A and 13B are disposed on an outer surface of a housing 2a of the measuring section 2. 
[0020] Fig. 2 is a block diagram illustrating a configuration of the body weight managing apparatus shown in Fig. 1 . 
This body weight managing apparatus is generally divided into the control section 1 and the measuring section 2 as 
described above, and said control section 1, as shown in Fig. 2, comprises a microcomputer 4 including: a CPU for 
performing a control and an arithmetic operations concerning to a measurement or the like; a ROM for storing a control 

15 and an arithmetic programs, constants and the like; a RAM for temporarily storing a calculated result, a program read 
from an external component, parameters and the like; and further a timer, a clock for generating date information, an 
I/O port and the like. Besides, the control section 1 further comprises: the display section 5 by means of a liquid-crystal 
display for indicating an personal parameter, a measured result, a measurement condition for a user, and the like; the 
key switch 6 used to input a control command to this managing apparatus and the personal parameter, and to select 

20 the personal parameter stored in an auxiliary storage 8; the external I/O interface 7 for performing an input-output 
operation to the external component; and the nonvolatile auxiliary storage 8 capable of storing, reading and updating 
the personal parameter, other parameters concerning to the measurement and the like. 

[0021] On the other hand, the measuring section 2 comprises: a filter circuit 9 for forming a signal output from the 
microcomputer 4 into a signal to be applied to a living body; an alternating current output unit 10 for processing a signal 

25 output from the filter circuit 9 to generate a regulated effective value; a reference resistance 11 connected to one of 
output terminals of the alternating current output unit 10 for detecting a current flowing through the body of the user; 
the alternating current supply electrode 1 2A connected to one of the output terminals of the alternating current output 
unit 10 via the reference resistance 11 for applying a measuring current to the user; the alternating current supply 
electrode 12B connected to another one of the output terminals of.the alternating current output unit 10 for applying a 

30 measuring current to the user; a differential amplifier 15 for detecting a potential difference between both ends of the 
reference resistance 11 ; potential measuring electrodes 13A and 13B for detecting potentials in two sites of the user; 
a differential amplifier 14 connected to the potential measuring electrodes 13A and 13B for detecting a potential dif- 
ference between those electrodes; a body weight sensor 16 for measuring the body weight of the user; an amplifier 

17 for amplifying an output from the body weight sensor 1 6; a switching unit 1 8 for selecting and outputting either one 
35 among those outputs from the differential amplifiers 15 and 14 and the amplifier 1 7 based on a control by the micro- 
computer 4; an A/D converter 19 for converting an analog signal representative of an output from the switching unit 

18 into a digital signal and outputting said digital signal to the microcomputer 4. 

[0022] An operation of the body weight managing apparatus will now be described. Fig. 3 is a flow chart illustrating 
an operational flow of the first embodiment. When a user presses down an ON/OFF button of a power switch of a group 

40 of key switches 6 at Step S1 , the managing apparatus initializes the internal components at Step S2, and after finishing 
the initialization, the apparatus checks to determine if date and time have been set or not at Step S3. If so, the apparatus 
enters a standby mode at Step S5, but if not, the apparatus sets the date and time at Step S4 and then enters the 
standby mode at Step S5. In the standby mode the apparatus displays on the screen of the display section 5 an 
indication requesting the user to input his/her personal number, as shown in Fig. 4(a). 

45 [0023] At Step S6, the apparatus checks to determine if the user has entered the personal number using the key 
switches 6. If so, the managing apparatus determines whether any personal parameter corresponding to the entered 
personal number has been set in a memory area of the auxiliary storage 8 at Step S7. But, if not, the apparatus enters 
a parameter setting mode at Step S8 to display an indication on the screen of the display section 5 requesting the user 
to input his/her personal parameter, as shown in Fig. 4 (b). When the user uses the group of key switches 6 to enter 

50 his/her height, age, and sex as the personal parameter, the managing apparatus further displays at Step S9 on the 
screen of the display section 5 an indication to request the user to enter a target body weight and a target time period 
to reach to said target body weight, as shown in Fig. 4(c). When the user enters the target body weight and the time 
period with the group of key switches 6, then at Step S10, the apparatus displays on the screen of the display section 
5 an indication to request the user to step on the measuring section 2, and when the user put his/her body on the 

55 measuring section 2, the body weight sensor 1 6 measures the body weight of the user. Hereafter, said body weight is 
referred to as "a reference body weight". 

[0024] Subsequently, the managing apparatus determines an average volume of body weight transition per week 
and an average rate of body weight transition per day from the measured reference body weight and the entered target 
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body weight and target time period, at Step S11 , by using the following equation: 



An average body weight transition volume / week = ((T arget body 



5 



weight - Reference body weight) + Target time period) x 7(kg); 



and 



w 



An average body weight transition rate / day = ((Target body weight - 



Reference body weight) + Target time period) + Reference body weight x 100(%). 

15 [0025] Then, at Step S12, the managing apparatus uses those values as a determination parameter to determine 
whether or not the entered target body weight and target time period are unreasonable values, that is to say, whether 
or not this is an unreasonable weight reduction or gain. It is to be noted that for the purpose of illustration in the present 
specification, the term "unreasonable" means "hazardous to health or unfavorable for health", unless otherwise spec- 
ified. This determination is made based on such a criterion that, for example, an absolute value greater than 4% for 

20 the average body weight transition rate per day or an absolute value greater than 1 .8kg for the average body weight 
transition volume per week implies that the weight reduction or gain with the entered target body weight and time period 
is unreasonable. Then, when the apparatus has determined those are unreasonable values, the managing apparatus 
displays on the screen of the display section 5 an indication for giving a warning for this situation together with an ideal 
number of days required to reduce the body weight to the targeted body weight without any troubles, at Step S13. The 

25 ideal number of days may be calculated as, for example, a number of days required to reach to a targeted body weight 
where the average body weight transition rate per day is set at -4% or +4%, which is threshold value defining an 
acceptable range considered to be reasonable. Then, the present managing apparatus returns to Step S9, where it 
requests the user to enter another target body weight and another time period. 

[0026] On the other hand, when it has been determined that those values are not unreasonable at Step S12, the 

30 managing apparatus calculates the average body weight transition volume per day and indicates said value as a target 
weight reduction value or a target weight gain value on the screen of the display section 5. Then at Step S14, the 
managing apparatus stores the personal parameter, the target body weight and the target time period, and the reference 
body weight in the memory area of the auxiliary storage 8 corresponding to the previously entered personal number, 
and thereafter, those data should be managed for each user. It is to be noted that although a summarized expression 

35 " to be stored in the auxiliary storage 8" will be used in the following description for the purpose of simplicity, the present 
managing apparatus, in principle, also similarly stores other data including any measured results and calculated results 
obtained in the processes as will be described below into the memory area of the auxiliary storage 8 corresponding to 
the personal number, which will be managed for each user. After having stored these data in the auxiliary storage 8, 
the managing apparatus returns to Step S5 to enter the standby mode. 

40 [0027] On the other hand, when it has found that the personal parameter has been set in the auxiliary storage 8 at 
Step S7, the managing apparatus enters a measuring mode at Step S15. As the user brings his/her body onto the 
measuring section 2 with his/her toe portions of bottoms of left and right feet in contact with the alternating current 
supply electrodes 12A and 12B respectively and his/her heel portions of bottoms of left and right feet in contact with 
the potential measuring electrodes 13A and 13B respectively, the managing apparatus detects that the user has put 

45 his/her body onto the measuring section 2 by the body weight sensor 1 6, and starts to measure the body weight and 
the multi -frequency bioelectric impedance. 

[0028] The multi-frequency bioelectric impedance measurement will now be described in brief. The multi -frequency 
bioelectric impedance measurement is a measuring method of the bioelectric impedance in which the measurement 
is carried out "n" times for each of "n" differently specified frequencies "Fi" (i=1 to n, where n is a predetermined set 

so value). Initially, i=1 is set, and the first time measurement of the bioelectric impedance value is started for the prede- 
termined frequency F1 . That is to say, an output signal frequency is set in the filter circuit 9 based on a measurement 
control parameter which has been stored in advance in the ROM in the microcomputer 4, and an output signal having 
that frequency is output to the alternating current output unit 1 0 from the filter circuit 9. The alternating current output 
unit 1 0 comprises a constant-current output circuit for which a desired current value can be set. An output current value 

55 is set in the alternating current signal output unit 1 0 based on the measurement control parameter, and an alternating 
current output of said output current value is applied to the user through the alternating current supply electrode 12A 
being in contact with the user, which is connected to one of the output terminals of the alternating current signal output 
unit 10 via the reference resistance 11 , and also through another alternating current supply electrode 12B connected 
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to the other output terminal of the alternating current signal output unit 1 0. During the current being applied to the user, 
potentials at two sites in the body of the user are detected by a pair of potential measuring electrodes 13A and 13B 
being in contact with the user, and outputs of those potentials are fed to the differential amplifier 14. The differential 
amplifier 14 outputs a potential difference signal between those 2 sites. Further, during the current being applied to 
the user, the differential amplifier 15 outputs a potential difference signal forthe reference resistance 11 . Those potential 
difference signals from the differential amplifiers 1 4 and 1 5 are sent to the A/D converter 1 9 by switching the switching 
unit 18 through the control signal from the microcomputer 4. The A/D converter 19 converts these received analog 
signals to digital signals, which in turn are sent to the microcomputer 4, and the microcomputer 4 determines a bioe- 
lectric impedance value from the received digital signals and stores said value in the RAM. 

[0029] After the first time measurement of the bioelectric impedance value having been finished, the present man- 
aging apparatus increments V by 1 , as M+1 , and determines whether or not the Y is greater than the predetermined 
value M n u . Then, if Y is greater than °n M , the measurements of the bioelectric impedance values are all completed, and 
if not, the measurement of the bioelectric impedance is performed for the next new frequency. 
[0030] After the multi-frequency bioelectric impedance measurements having been carried out as described above, 
then the managing apparatus calculates an impedance vector locus and a related value.of parameter from the bioe- 
lectric impedance value that has been measured for each of a plurality of different frequencies. 
[0031] The method for calculating the impedance vector locus and the related value of parameter will now be de- 
scribed in brief. Although the bioelectric impedance value is typically described by the equivalent circuit by way of 
lumped constants composed of an extracellular fluid resistance "Re", an intracellular fluid resistance "Ri" and a cell 
membrane capacity "Cm", each of cells constructing a living body is actually explained by a circuit having different 
constants respectively depending on its shape and nature, and therefor in the living body as an aggregate of those 
cells, the impedance vector locus would not draw a semi-circular arc as is the case where the equivalent circuit by way 
of the lumped constants is measured but would draw a circular arc according to the Cole-Cole circular arc law. Accord- 
ingly, the impedance of the living body generally makes a locus of.circular arc shown in Fig. 6. In Fig. 6, a resistance 
component of an impedance is represented by the lateral axis, while a reactance component of the impedance is 
represented by the longitudinal axis. Since the reactance component of the bioelectric impedance is of capacitive type, 
it takes a negative value and its vector locus appears in the quadrant below the real axis as shown in Fig. 6. 
[0032] Based on the assumption that the vector locus of the interest is the circular arc, respective bioelectric imped- 
ance values Z1 , Z2, ... Zn measured respectively at the "Fi" frequencies (i=1 to n) are represented at those points as 
shown in Fig. 7. The following description uses "X" axis defining the lateral axis representative of the real axis and '"Y" 
axis defining the longitudinal axis representative of the imaginary axis of the impedance vector plane as shown in Fig. 6. 
[0033] The following correlation function is obtained from Zis (i=1 to n) plotted on the coordinate. 



[0034] In the above equation 1 , "a" represents an X coordinate of the center of the circle, "b" represents a Y coordinate 
of the center of the circle and V represents a radius of the circle, and the equation 1 is, namely, an approximate 
correlation expression. Then, from the equation 1 , obtained is: 



(X-a) 2 + (Y-b) 2 = ? 



(Equation 1) 



X=a± 



and, further since R0>R jnf , obtained are: 



AO = a + 



Based on these result, Re and Ri in the equivalent circuit of Fig. 5 is determined as follows: 



Re= R0 
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ffi=TO.f? w /(f?0-f? lnf ) 

[0035] From the above arithmetic operation, there are obtained the combined intracellular and extracellular fluid 
5 resistance R mf (= Ri // Re), the extracellular fluid resistance Re, the intracellular fluid resistance Ri, and the ratio of 
either one of those to another one of those. 

[0036] Further, using a known arithmetic method and based on the determined impedance vector locus, the related 
values of parameter, RO and R^,, or Re and Ri, and the sex, height and age that have been entered as the personal 
parameter at Step 6, and also the body weight measured at the present step, the intracellular fluid content ICW, ex- 
io tracellular fluid content ECW, body water content TBW = ICW + ECW, the ratio of either one of those to another one 
of those may be determined. For example, the intracellular fluid content ICW, the extracellular fluid content ECW, the 
body water content TBW may be determined from Ri, Re, height Ht and weight W by using the following equations: 

15 ICW = K h H? I Ri+ K^W^ K i3 

ECW= K eA H? /Re+ K G2 + 

20 

TBW = ECW 

(where, Kj 2 , K^, K^, K^, and are coefficients). 
[0037] By way of the calculation method described above, the managing apparatus calculates especially the intra- 
25 cellular fluid content, the extracellular fluid content and the body water content to be used in the processes as will be 
described below. Because of the multi-frequency bioelectric impedance measurements already known in the art a part 
of the description has been omitted. 

[0038] Subsequently at Step S16, the managing apparatus displays on the screen of the display section 5 an indi- 
cation to ask the user whether the current measurement is implemented before the exercise or after the exercise, and 

30 when the user uses the key switches 6 to give a response indicating that the measurement is implemented before the 
exercise, then the apparatus reads the past data for an arithmetic operation, at Step S1 7. This produces an evaluation 
parameter that is used at Step S18 for evaluating the health condition measured before the exercise. The evaluation 
of the health condition at Step S1 8 is conducted depending on body weight transition and body water content transition. 
Referring to Fig. 8 showing an evaluation matrix for body weight transition and body water content transition, if the 

35 health condition corresponding to any position other than "Normal" lasts for a period of more than the predetermined 
interval, for example, three days, then it means that the health condition is abnormal. In other words, if the measurement 
result corresponds to any one of the conditions 'loo lean & dehydration", "too lean", "too lean & edema", "dehydration", 
"edema", "fat & dehydration", "fat", and "fat & edema" in the matrix of Fig. 8, and the condition lasts for a period of 
more than three days, then the health condition is determined to be abnormal. On the other hand, if the condition lasts 

40 for a period of less than three days, but it changes in position in the matrix, then the condition is considered simply as 
temporal matter, and therefore, it is not determined to be abnormal. 

[0039] Such evaluation of the health condition is conducted at Step S18, and therefore, at Step S17, the past data 
is read in for performing the following arithmetic operation: 

[0040] The body weight transition rate per day and the body weight transition volume per week may be used as the 
45 parameters for determining the condition of the body weight transition. These parameters for the determination may 
be derived from the currently measured body weight before the exercise and the previously measured body weight 
before the exercise or the like that have been stored in the auxiliary storage 8, by the following equations: 

50 Body weight transition rate / day = (Currently measured body weight 

before the exercise - Previously measured body weight before the exercise) / 
Reference body weight x 100 (%), and 

55 

Body weight transition volume / week = Average body weight before the 
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exercise measured for last one week - Average body weight before the 



exercise measured for one week prior to the last one week (kg). 



5 



If the body weight before the exercise was not measured in the previous day, the last body weight before the exercise 
among those body weights before the exercise measured in the past may be used to determine the body weight 
transition rate, and in this case, the result should be divided by the number of days between the day of the last meas- 
urement and the day of the current measurement to determine the body weight transition rate per day. 

10 [0041] The evaluation of the condition of the body weight transition is made based on such a criterion that, for ex- 
ample, if the body weight transition rate/day is more than -4% it is considered to be "too lean", but if the body weight 
transition rate/day is more than +4% it is considered to be "fat". In addition, if the body weight transition volume/week 
is more than -1 .8 kg it is considered to be "too lean", but if the body weight transition volume/week is more than +1 .8 
kg it is considered to be "fat". The condition other than those is considered to be "normal 0 . 

15 [0042] In the same manner, the body water transition rate/day is used as the evaluation parameter for evaluating 
the condition of body water transition. This evaluation parameter is derived from the currently measured body water 
content before the exercise and the previously measured body water content before the exercise or the like that have 
been stored in the auxiliary storage 8, by the following equations: 



water content before the exercise - Previously measured body water content 
25 before the exercise) / Previously measured body water content before the exercise x 1 00 (%) 

If the body water content before the exercise was not measured in the previous day, the last body water content before 
the exercise among those body water content before the exercise measured in the past may be used to determine the 
body water content transition rate, and in this case, the result should be divided by the number of days between the 
30 day of the last measurement and the day of the current measurement to determine the body water content transition 
rate per a day. 

[0043] The evaluation of the condition of the body water content transition is made based on such a criterion that, 
for example, if the body water content transition rate/day is more than -2% it is considered to be "dehydration", but if 
the body water content transition rate/day is more than +2% it is considered to be "edema". The condition other than 

35 those is considered to be "normal". 

[0044] Then, if the body condition is determined abnormal at Step S18, the managing apparatus displays on the 
screen of the display section 5 the determined result along with a warning that the condition of the body weight transition 
and body water content transition is abnormal at Step S19. On the other hand, if the body condition is determined 
normal, the apparatus displays, at Step S20, on the screen of the display section 5 the body weight measured at this 

40 time, the difference between this body weight and the targeted body weight, and the body water content measured at 
this time, as shown in Fig. 4(e), which display means that the body condition is normal. 

[0045] Then, when the user uses the key switches 6 to enter an ambient temperature in the place where the user is 
going to take an exercise, a time period of the exercise and an intensity of the exercise as an exercise condition, at 
Step S21 , the managing apparatus estimates a body weight transition volume between the body weights before and 
45 after the current exercise to be taken under the currently entered exercise condition, based on the previously entered 
exercise condition and previously experienced body weight transition volume between the body weights before and 
after the exercise taken under said previously entered exercise condition, which have been stored in the auxiliary 
storage 8, and at Step S22, the managing apparatus displays on the screen of the display section 5 the estimated 
body weight transition volume. 

so [0046] Then the apparatus determines whether the exercise is reasonable or not at Step S23. This determination is 
made based on such a criterion that, for example, the exercise is reasonable if the estimated body weight transition 
rate is in the range of ±2%. If the apparatus determines that the exercise is unreasonable then the apparatus requests 
the user to perform re-setting of the time period and the intensity of exercise, at Step S24. Therefore, the use re-enters 
the time period and the intensity of exercise, at Step S21. On the other hand, if the apparatus determines that the 

55 exercise is reasonable, at Step S23, then it stores the body weight measured at this time, the bioelectric impedance 
value, and the body water content, the intracellular fluid content, the extracellular fluid content or the like that have 
been calculated from the bioelectric impedance value in the auxiliary storage 8, as Step S25. 
[0047] On the other hand, when the user uses the key switches 6 to return a response indicating that the measurement 
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is implemented after the exercise, at Step S16, then the apparatus evaluates the physical condition at the present point 
of time as measured after the exercise at Step S26. At this Step, the apparatus evaluates particularly a condition of 
the body water content for determining the health condition, that is to say, the apparatus determines whether or not 
any dehydration or edema conditions have occurred. Typically, the body weight transition such as the weight loss or 

5 gain tends to trigger an abnormal condition of the body water content such as edema or dehydration, and it has been 
said that the edema condition is one of the main symptoms of serious disease and the dehydrated condition is a main 
factor in various symptoms caused by the weight loss as described above. Accordingly, particularly in the body weight 
transition period, the condition of the body water content has important implications for one's health. 
[0048] As an evaluation parameter for evaluating the condition of the body water content, a body weight transition 

10 rate between the body weights before and after the exercise for the measurement and an evaluation level may be 
used. The body weight transition rate for before to after the exercise may be calculated by using the body weights 
measured before and after the exercise, from the following equation: 

15 Body weight transition rate = (Currently measured body weight after 

the exercise - Previously measured body weight before the exercise) / Reference body weight x 100(%). 

The reason why the body weight transition rate for before to after the exercise is employed for the evaluation parameter 
20 at this Step comes from the fact that the body weight transition for before to after the exercise is mostly due to the body 
water content transition and accordingly it can be considered that the body water transition volume for before to after 
the exercise is substantially the transition volume in body water content. Herein, it is not necessarily agreed that the 
transition volume in the body weight in a period other than the period for before to after the exercise is due to the 
transition in the body water content, and therefore it should be noted that it is not appropriate for the transition volume 
25 in the body weight for the period other than the period for before to after the exercise to be used as the evaluation 
parameter for determining the condition of the body water content. 

[0049] On the other hand, the evaluation level is determined based on the body water content transition rate, and 
the body water content transition rate may be calculated by using the body water content after the exercise determined 
from the bioelectric impedance value currently measured after the exercise and the body water content before the 
30 exercise determined from the bioelectric impedance value previously measured before the exercise, from the following 
equation: 

Body water content transition rate for before to after the exercise = (The 

35 

body water content currently measured after the exercise - The body water 
content previously measured before the exercise) / The body weight previously 
4Q measured before the exercise x 100(%). 

Then, based on the resultant body water content transition rate for before to after the exercise, the evaluation level 
may be determined in such a way that, for example, the body water content transition rate within a range of -2% to 
+2% implies the condition of the body water content being normal and the evaluation level is defined as level 0, that 

45 the body water content transition rate greater than +2% and the previous body water content transition rate lower than 
+2% implies a transient edema condition and the evaluation level is defined as level 1 , that both of the current and the 
previous body water content transition rates greater than +2% implies a chronic edema condition and the evaluation 
level is defined as level 2, that the body water content transition rate lower than -2% and the previous body water 
content transition rate not lower than -2% implies a transient dehydrated condition and the evaluation level is defined 

so as level -1 , and that both of the current and the previous body water content transition rates lower than -2% implies a 
chronic dehydrated condition and the evaluation level is defined as level -2. 

[0050] The evaluation of the conditio n in body water content is based on such a criterion that the body weight transition 
rate below -2% or greater than +2% or the evaluation level of -2 or +2 determines the condition abnormal in body water 
content. Then, if it is determined abnormal, the present managing apparatus displays on the screen of the display 
55 section 5 a determined result together with a warning of the condition abnormal in body water content at Step S27. 
[0051] On contrast, if it is determined to be normal at Step S26, the managing apparatus, at Step S28, displays on 
the screen of the display section 5 the currently measured body weight, the difference between this body weight and 
the targeted body weight, the currently measured body water content and the like as shown in Fig, 4(f), and this indi- 
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cation substitutes for the notification of the condition being normal. Then at Step S29, the currently measured body 
weight value, bioelectric impedance value, body water content determined from the bioelectric impedance value, in- 
tracellular fluid content, extracellular fluid content and the like are stored in the auxiliary storage 8. The measurement 
after the exercise is thus completed. 

5 [0052] There will now be described a second embodiment of the body weight managing apparatus according to the 
present invention. The present body weight managing apparatus is provided in order to use in managing a body weight 
of a sport player for a long time period, for example, for a year. An exterior appearance and configuration of the present 
managing apparatus are similar to those of the first embodiment, and the explanation on those will be omitted. Further, 
an operational flow in the present managing apparatus is almost similar to that of the first embodiment as shown in 

10 Fig. 3, except for the contents of some steps, and those different points will be specifically explained below with refer- 
ence to the flow chart illustrated in Fig. 9. The difference between the flow chart in Figs. 3 and 9 is only that Step S9 
in Fig. 3 is replaced with Steps S9-1 , 9-2 and 9-3 in Fig. 9. 

[0053] The managing apparatus, at Step S9-1 , displays on the screen of the display section 5 an indication to request 
a user to enter a schedule relating to the matches or competitions, that is, a season for the matches or competitions 

15 (or time period of exercise), dates of matches (or target dates) and a target body weight, as shown in Fig. 10 (a) and 
(b). When the user uses a group of key switches 6 to enter the schedule relating to the matches or competitions then 
the managing apparatus determines whether the target date is entered or not, at Step S9-2. If not, the apparatus sets 
a first day of the time period of exercise as the target date, at Step S9-3. Thereafter, the apparatus measures the 
reference body weight at Step S10 in the similar manner to the first embodiment. Then, at Step S11 , the apparatus 

20 generates an ideal body weight managing program by the microcomputer 4 based on the entered schedule relating to 
the matches or competitions to achieve the target body weight according to the schedule relating to the matches or 
competitions without causing any troubles in health and displays said program as an ideal body weight transition curve 
as shown in Fig. 11 . That is to say, the ideal body weight transition curve is plotted to show an ideal transition in body 
weight in order to achieve the target body weight according to the schedule relating to the matches or competitions 

25 without causing any troubles. Fig. 1 1 shows one ideal body weight transition curve for a user of boxing player who had 
conventionally repeated the weight reduction and gain as shown in Fig. 12, wherein the longitudinal axis represents a 
body weight and the lateral axis represents a month and day. As shown in Fig. 11, in the schedule relating to the 
matches for this user, the period from January to March is to be an off-season, from April to the end of November to 
be a match season with total of four matches each being arranged every two months starting at the end of May, and 

30 from the end of November forward to be another off-season, and the target body weight is 60kg because the user is 
going to participate in all of the bouts in 60kg class. His/her reference body weight at the present time of measurement 
in January is 65kg. The body weight managing program is generated based on such a basic policy that, for example, 
the user practices the weight loss in a period starting in the off-season through to the beginning of the season allowing 
a margin of time for achieving the target body weight, maintains the achieved target body weight during the season, 

35 and is allowed to gain some weight within a range feasible to return back to the target weight in order to secure some 
mentally rest period during the off-season from the end of the season to the starting of the weight reduction in the 
following year. The weight reduction program to be practiced in the off-season is generated in such a way that, for 
example, after determining a volume of weight loss per week to be 0.9kg, i.e., about 125g for a volume of weight loss 
per day, which is in a reasonable range, the number of days required for the weight loss is calculated as 40 days from 

40 said determined value and a total volume of weight loss of 5kg which is a difference between the target body weight 
and the reference body weight, and thus the program is generated so as to suggest "the weight loss of 125g per day 
starting 40 days prior to the first day of the match season", as shown in Fig. 11 . Thereafter, the user is allowed to reduce 
his weight on purpose with some margin according to thus determined ideal body weight transition curve. 
[0054] However, especially in the off-season when the user is relieved, it often is the case that the weight loss is not 

45 achieved as expected. Accordingly, the managing apparatus regularty, after performing the measurement at Step S1 5, 
regenerates the body weight managing program by using the last measured body weight instead of the reference body 
weight and also regenerates the ideal body weight transition curve. The weight reduction program for this case may 
be generated based on such a basic policy that, for example, the weight reduction should be practiced to achieve the 
target body weight as early as possible within a reasonable range, allowing the user to concentrate to the training as 

50 much as possible. Then, if, for example, the user goes into the match season without having reduced his body weight 
of 65kg, the weight reduction program is regenerated in such a way that after determining a volume of weight reduction 
per week to be 1 .8kg, i.e., about 250g for a volume of weight reduction per day, which is a threshold value in a reasonable 
range, the number of days required for the weight reduction is calculated as 20 days from said determined value and 
the total volume of weight reduction of 5kg which is a difference between the target body weight and the body weight 

55 at the present time, and thus the program is regenerated so as to suggest "the weight reduction of 250g per day in 20 
days from now on" and the ideal body weight transition curve is also regenerated as shown in Fig. 13. 
[0055] The contents of the steps other than Steps S9-1 , 9-2, 9-3, S11 and S12 as described above are the same as 
those in the first embodiment. 
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[0056] It is to be noted that although the above explanation of the embodiment has mainly given to the case of weight 
loss, of course, the body weight managing apparatus of the second embodiment is also applicable to the case of weight 
gain similarly to the body weight managing apparatus of the first embodiment. 

[0057] Although the first and the second embodiments of the present invention have been described in detail as 

5 above, the present invention is not limited to those embodiments. For example, the evaluation parameters and the 
evaluation criteria used to determine whether or not the target body weight and the target time period are unreasonable 
values, or to evaluate the condition of the body weight transition or the condition of the body water content are not 
limited to those which have been described above, but other evaluation parameters and other evaluation criteria based 
on the measured body weight and/or the bioelectric impedance value may be used, that is to say, other evaluation 

10 parameters and other evaluation criteria which use either of the measured body weight and/or the bioelectric impedance 
value themselves or any other values derived therefrom may be used. For example, the evaluation parameter for the 
condition of the body water content, other than that described in the present embodiment, may be at least one selected 
from a group consisting of body water content, intracellular fluid content, extracellular fluid content, a ratio of either 
one of those fluid volume to another one of those fluid volume, a combined intracellular and extracellular flu id resistance, 

15 intracellular fluid resistance, extracellular fluid resistance and a ratio of either one of those resistance to another one 
of those resistance, and all of those values may be determined from the bioelectric impedance values. 
[0058] Alternatively, the condition of body weight transition and the condition of body water content may be combined 
to be used for comprehensively evaluating the health condition. There is one such example that combines a body 
weight transition rate of before to after the exercise, which is an evaluation parameter for the condition of the body 

20 weight transition, with an evaluation level, which is an evaluation parameter for the condition of the body water content, 
wherein the evaluation of the health is performed based on such an evaluation criterion that the cases having the body 
weight transition rate of before to after exercise of +2% and the evaluation level of +1, or the body weight transition 
rate of before to after exercise of -2% and the evaluation level of - 1 are determined abnormal in health condition. Then, 
for the determined result which falls into, for example, the former case, the apparatus may display such a warning 

25 indication like 'The intracellular fluid content is under increase, try to engage in athletic activities with sweating. Pref- 
erably, refrain from an intake of water.", and for the result of the latter case, it may displays such a warning indication 
like "With this condition of body water content to go on, there will be possibly appeared such symptoms as headache, 
higher rate in heart beat and breathing, rise in body temperature and the like in addition to a deterioration in athletic 
ability. Intake fluid containing electrolytes immediately, and fit yourself for exercise." 

30 [0059] Further, in the above embodiments, merely a condition of the body weight transition has been evaluated at 
the point of time before the exercise and merely a condition of the body water content has been evaluated at the point 
of time after the exercise to evaluate the condition of health, but both of the condition of the body weight transition and 
the condition of the body water content may be evaluated at respective points of time. 

[0060] Still further, in addition to those evaluations of the condition of the body weight transition and the condition of 

35 the body water content, other conditions of health, for example, a condition of body fat mass may be evaluated based 
on a measured body weight and bioelectric impedance value, that is, other evaluations may be performed by using 
the measured body weight and/or bioelectric impedance value themselves or any other values derived therefrom. In 
general, the condition of the body fat mass, similarly to the condition of the body water content, tends to be varied 
associated with the body weight transition, and said condition of the body fat mass also has important implications for 

40 one's health. Those evaluation parameter values such as a body fat ratio to be used for evaluating the condition of the 
body fat mass and the like may be derived from the measured bioelectric impedance value. 
[0061] Further, although in the above embodiments, In order to indicate the condition of the body weight transition 
and/or the condition of the body water content to a user, the condition of the body weight transition and/or the condition 
of the body water content have been evaluated based on the measured body weight and/or the measured bioelectric 

45 impedance value and the determined result is indicated, alternatively those values representative of the condition of 
the body weight transition and/or the condition of the body water content for allowing the user to evaluate the condition 
of the body weight transition and/or the condition of the body water content may be derived from the measured body 
weight and/or the measured impedance values so as to be indicated to the user. The values representative of the 
condition of the body weight transition, which can be determined from the measured body weight, include for example, 

so a body weight transition rate per day, a body weight transition volume per week, and a body weight measured on at 
least two points of time, and the values representative of the condition of the body water content, which can be derived 
from the measured bioelectric impedance value, include a body water content, a body water content transition volume, 
and body water contents, extracellular fluid contents, ratios of intracellular to extracellular fluid contents each being 
obtained on at least two points of time and the like. 

55 [0062] As described above, the intention of the present invention is to indicate the condition of health such as the 
condition of the body weight transition and/or the condition of the body water content based on the measured body 
weight and/or the measured bioelectric impedance value, which includes the indication of a determined result for the 
health condition that has been determined based on the measured body weight and/or the measured bioelectric im- 
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pedance value and/or other indication of a value representative of the health condition that has been determined based 
on the measured body weight and/or the measured bioelectric impedance value. 

[0063] Further, in order to allow for any target changes and/or schedule changes, which may possibly occur after 
the target body weight, the target time period and the schedule relating to the matches or competitions having been 
5 entered, an apparatus of the present invention may be designed to allow those values to be occasionally changed so 
that whether or not a changed target body weight and/or a changed target time period may be determined unreasonable 
or so that a body weight managing program my be regenerated and an ideal body weight transition curve may be 
indicated, at each time when the values have been changed. 

[0064] Further, at each time when the body weight is newly measured, the value may be used as a newly established 
10 reference body weight so as to determine whether or not the already set target body weight and time period are un- 
reasonable values. 

[0065] In addition, as to the schedule relating to the matches and competitions, for example, a pre-season, a day 
for measurement, a day for rest and the like may be entered. 

[0066] Further, the generated body weight managing program may be indicated by way of a table, a text or the like. 
is [0067] Still further, a warning of, for example, abnormality in the condition of the body weight transition may be made 
by means of lump-lighting, voice, buzzer or the like. 

[0068] Yet further, the bioelectric impedance value may be measured by using an alternating current of a single 
frequency. 

[0069] As having been described above, according to the body weight managing apparatus of the present invention, 

20 since the body weight is allowed to be measured and indicated, and at the same time the condition of the body weight 
transition is determined based on the measured body weight, while the condition of the body water content is determined 
based on the measured bioelectric impedance value, and the determined results are accordingly indicated, therefore 
a user can check out adequately his/her health condition as well as body weight, and thereby can practice a weight 
reduction or gain in a reasonable way without doing any harm to health to achieve the targeted body weight. 

25 [0070] Further, since it is determined whether or not the target body weight and the target time period required to 
achieve said target body weight are unreasonable values, and if determined unreasonable, a warning is given, therefore 
a user can avoid any unreasonable weight reduction or gain beforehand, and thereby also the user can practice the 
weight reduction or gain in a reasonable way without doing any harm to health to achieve the targeted body weight. 
[0071 ] Still further, since the body weight managing program and the ideal body weight transition curve are generated 

30 and indicated based on the schedule relating to the matches or competitions and the reference body weight without 
giving any unreasonable requirements to health, a user can practice the weight reduction or gain in a reasonable way 
according to the managing program without doing any harm to health to achieve the targeted body weight. 
[0072] It is to be noted that the present managing apparatus is useful to not only sports players but also ordinary 
people, and useful exclusively for the purpose of maintaining and managing one's health rather than the purpose of 

35 losing or gaining weight. 



Claims 

40 1 . A body weight managing apparatus comprising: 

a body weight measuring unit; 

a bioelectric impedance measuring unit; 

a body water content evaluation unit; and 

45 a health condition evaluation unit, whereby 

said body weight measuring unit measures a body weight of a person to be measured, said bioelectric imped- 
ance measuring unit applies an alternating current to a body of the person and measures a bioelectric imped- 
ance value, said body water content evaluation unit evaluates a body water content based on the bioelectric 
impedance value measured by said bioelectric impedance measuring unit, and said health condition evaluation 

50 unit evaluates a health condition of the person based on the measured body, weight and the evaluation result 

from said body water content evaluation unit. 

2. A body weight managing apparatus according to Claim 1 in which said health condition evaluation unit evaluates 
based on body weight transition as measured for a period of plural days. 

55 

3. A body weight managing apparatus according to Claim 1 in which said health condition evaluation unit evaluates 
based on body water content transition as measured for a period of plural days. 
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4. A body weight managing apparatus according to Claim 1 in which said health condition evaluation unit evaluates 
based on the combination of body weight transition and body water content transition as measured for a period of 
plural days. 

5. A body weight managing apparatus comprising: 

a body weight measuring unit; 

a body water content evaluation unit; and 

a health condition evaluation unit, whereby 

said body weight measuring unit measures a body weight of a person to be measured, said body water content 
evaluation unit evaluates body water content transition during an exercise, derived based on the body weight 
values measured before and after the exercise by said body weight measuring unit, and said health condition 
evaluation unit evaluates a health condition of the person based on the evaluation result from said body water 
content evaluation unit. 

6. Abody weight managing apparatus comprising: 

a body weight measuring unit; 
a bioelectric impedance measuring unit; 
a body water content evaluation unit; 
an input unit; and 

a body weight estimation unit, whereby 

said body weight measuring unit measures a body weight of a person to be measured, said bioelectric imped- 
ance measuring unit applies an alternating current to a body of the person and measures a bioelectric imped- 
ance value, said body water content evaluation unit evaluates a body water content based on the bioelectric 
impedance value measured by said bioelectric impedance measuring unit, said input unit enters data relating 
to an exercise, and said body weight estimation unit estimates a body weight after the exercise based on the 
measured body weight and the data entered by said input unit. 

7. A body weight managing apparatus according to Claim 6 in which said input unit enters at least one of the data: 
temperature, time period of exercise and intensity of exercise. 

8. Abody weight managing apparatus comprising: 

a body weight measuring unit; 

a clock; 

an input unit; 

an arithmetic unit; and 

a setting unit, whereby 

said body weight measuring unit measures a body weight of a person to be measured, said clock provides a 
clocking function, said input unit enters a target body weight, a target date and a time period for exercise, said 
arithmetic unit produces a body weight managing data based on the difference between the body weight 
measured by said body weight measuring unit and the target body weight entered by said input unit, and the 
number of days remaining until the target date entered by said input unit, and said setting unit sets a first day 
of the time period of exercise as the target date if there is no target date entered. 

9. A body weight managing apparatus according to Claim 8 in which said first day of the time period of exercise is a 
start date of exercise season. 

10. A body weight managing apparatus according to Claim 8 in which said first day of the time period of exercise is a 
day on which a match or competition is conducted. 
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FIG. 1 
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